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The aim of the present little irork is to supply the youthful student 
with the fundamental principles of Practical Geometry. It is de- 
signed to meet the wants of the latest Syllabus %f the First-Grade 
Examinations of the Science and Art Department. So far as the 
Author is aware, there exists no text-book which exactly covers the 
work of the most recent requirements of that Syllabus. 

In taking their pupils through the book, teachers are advised to 
attempt the Test Exercises, only on going over the problems a 
second time. Too much use of the black board cannot be made, 
while neatness as well as accuracy cannot be too strongly insisted 
upon. 

To those who have mastered the problems there should be little or 
no difficulty in copying the Figures at the end. 

The Papers set by the Department in the March Examinations 
(1877-8-9) will be useful for examination purposes, and will also 
furnish teachers and pupils with a good idea of what is expected 
from them by the Department. 



D. B. 



St. Bbide's Schools, 

Liverpool, June 1879. 



INSTRUCTIONS AND REQUIREMENTS 

IN 

FIRST-GRADE GEOMETRY. 

(From the most Recent Edition of the " Art Directory, ^^ 1 879.) 



"The instraments * required are a plain scale of inches divided into eighths, 
a pair of dividers, a pair of pencil compasses, two set squares, an H. pencil, 
and a piece of india-rubber ; a drawing board and T square, although not 
indispensable, are very desirable. 

** This stage is intended to teach elementary notions of Practical Geometry, 
and the use of simple drawing instruments. 

*' The pupil should be t9.ught to draw clean, join lines passing fairly through 
indicated points, and the greatest care should be exercised to prevent the 
formation of slovenly habits, such as using both hands to the dividers, forcing 
their points into the paper, &c. He should then be shown how to take given 
distances from the scale, and step them along a given line, and he should be 
practised in the use of set squares for drawing lines parallel and perpendicular 
to each other. 

'* By the help of the black board the teacher should explain and define an 
angle, a triangle, a square, a rectangle, a circle, &c. The pupil may then be 
practised in such simple exercises as the following : — Construct a square or 
rectangle, the lengths of the sides being given in inches and eighths. Divide 
them when drawn into a given number of equal parts. An irregular four- 
sided figure is roughly sketched on the black board ; the dimensions of its 
aides and diagonals are given. Draw the figure its proper size. Neatness 
and accuracy should be insisted upon, and, if unsatisfactory in these respects, 
the figures should be re-drawn. It is desirable to accustom the pupil to the 
erasure of superfluous lines or portions of lines, and to the employment of 
' dotted ' or ' chain-dotted ' lines and arcs to distinguish lines drawn for con- 
structional purposes. 

'* The examination will be confined to examples in the following construc- 
tions, and equal value will be attached to neat drawing and to geometrical 
accuracy : — 

** I. The division of a given line into a given number of equal parts by trial 
with the dividers, and also by construction. 

** 2. To draw lines parallel and perpendicular to given lines by means of 
the set squares, and also by construction. 

** 3. To construct an equilateral triangle and a square of given sides. 

'% To construct an angle equal to a given angle. 

"5. To bisect a given angle. 

"6. To construct a triangle, given the sides, or sides and angles. 

** 7. To construct a triangle similar to a given triangle and standing on a 
given base. 

8. To describe two circles of given radii touching each other.'* 



(( 



* The instruments really essential for this subject are :— 

A six-inch flat ruler, divided into inches and eighths. 
A pair of pendl compasses. 
An H. or H.B. pencil. 
A piece of india-rubber. 



BAIN'S 

FIRST GRADE PRACTICAL GEOMETRY. 

DEFINITIONS. 

(To he thoroughly mastered before proceeding further.) 

1. A Point has position only ; it liaa no magnitude. 

The smallest dot we can make, as A, must have some size, but mathe' 
matically speaking, the point is not the whole dot, but only a* 
its centre. 

LINES. 

Note.— Lines bave length or direction, but no breadth or thickness. The finest line 
that can be drawn must have thickness, and is therefore not a true geometrical 
line, but for convenience it is called such. 

2. A Straight Line is the shortest distance between two points. 

3. A Curved Line is nowhere straight, and continually changes 
its direction. 



Fig. 2. Fig. 3. 



DIRECTION OP LINES. 

4. A Horizontal Line is perfectly level, and runs right and left. 

5. A Vertical Line is perfectly upright. 

6. An Oblique Line is one neither horizontal nor vertical. 

7. Parallel Lines are the same distance apart throughout their 
entire length, and on being produced ever so fair never meet. 



Fig. 4, Pig. 5. Pig. 6. Fig. 7. 



ANGLES. 



8. An Angle is the inclination of two straight lines which meet 
in a point. 

There are three kinds of angles — right angles, acute angles, and obtuse 
angles. 
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9. Right Angles. — When one straiglit line, as A B, falls on another 
straight line, as C D, such that the two angles A B G, A B D, are equal, 
the lines are perpendicular to each other, and each of the equal angles 
is called a right angle. 

10. An Obtnse Angle is one greater than a right angle. 

11. An Acute Angle is one less than a right angle. 



90- 



90"^ 



C B D 

Fig. 9. 



Greater than 
Fig. 10. 



Less than 
Fig. II. 



TRIANGLES. 



12. Triangles are figures bounded by three straight lines, and 
consequently have three angles. 

There are six kinds of triangles — three being named from the compara- 
tive lengths of their sides, viz., equilateral, isosceles, and scalene 
triangles ; and three from the size of their angles, viz., right-angled^ 
obtuse-angled, and acute-angled triangles. 

13. An Eanilateral Triangle has three equal sides. 

14. An Isosceles Triangle has two sides equal 

15. A Scalene Triangle has all its sides unequal. 









L 



\ 



Fig. 13. 



Fig. 14. 



Fig. IS. 



16. A Bight- Angled Triangle has one angle a right angle. The 
side opposite the right angle is called the hypotenuse. 

17. An Obtuse- Angled Triangle has one of its angles an obtuse 
angle. 

18. An Acute- Angled Triangle has its three angles acute. 






Fig. 16. 



Fig. 17. 



Fig. 18. 
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IMPORTANT OBSERVATIONS. 

(a.) Any two sides of a triangle are, wlieli added together, greater 
than the third side. 

(6.) The three angles of any triangle, when added together, equal 
two right angles, or i8o degrees (written iSo**). If two angles 
of a triangle are known to be 45° and 60® respectively, the 
remaining angle will be 75°. Thus 45° added to 60° equal 
105°, which, taken from 180°, leaves the remaining angle 75°, 

(c.) The highest angle of a triangle, as the angle 
at B of the triangle A B C, is called the 
vertex, or apex, or vertical angle. The 
lowest side, as A C, is called the base. The 
altitude or height of a triangle is the per- . 
pendicular drawn from the apex to the / 
base, as B D. L^ 




QUADRILATERAL (POUR-SIDED) FIGURES. 

Quadrilateral figures are bounded by four sides, and are sometimes 
called quadrangles, because they have four angles. The four angles 
of any quadrilateral figure always equal 360°, or four right angles. 

19. A Parallelogram is a four-sided figure having its opposite 
sides equal and parallel. 

There are four kinds of parallelograms — square, rectangle, or oblong, 
rhombus, and rhomboid. 

20. A Square is a four-sided figure, having all its sides equal and 
all its angles right angles. 

21. A Bectangle, or Oblong, is a four-sided figure, having only 
its opposite sides equal, but all its angles right angles. 

The diagonal of a figure is the straight line joining opposite angles, as AB. 

22. A BhombuB is a four-sided figure, having all its sides equal 
but none of its angles right angles. 






Fig. so. 



Fig. 3z. 



Fig. 29. 
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23. A Rhomboid is a four-sided figure, having only its opposite 
sides and angles equal. 

24. A Trapeziiun is a four-sided figure, having none of its sides 
paralleL 

25. A Trapezoid is a four-sided figure, having only two of its 
sides parallel, but some of its sides or angles may, or may not, be 
equal. 



Fig. 23. 



Fig. 24. 



Fig. 35. 



THE OIROLE. 

26. A Circle is a figure bounded by a continuous curved line, 
called the circumference, every part of which is equally distant from 
a fixed point within, called the centre, 

27. A Badius (plural radii) is any straight line drawn from the 
centre to the circumference. 

28. A Diameter of a circle is a straight line drawn through the 
centre, and terminated at both ends by the circumference. 

The diameter, which is equal to twice the radius, divides the circle into 
two equal parts, each of which is called a semicircle. 





Fig. 26, 27. 



Fig. 28, 29, 30. 



29. A Tangent is a straight line which touches the circumference 
of a circle in a point, but does not cut the circumference. 

30. A Chord is any straight line drawn across a circle, but which 
does not pass through the centre. 

31. An Arc is any part only of the circumference of a circle. 



( 9 ) 
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LINES AND ANGLES. 

(In copying these problems pupils should make the diagrams at least double 

the size of those printed.) 

Problem 1. — To bisect^ that is^ to divide into two equal parts ^ 
a given straight or curved line, A B. 

I. With A as centre and the distance or radius A E, which must 
be greater than half A B, describe the ^rc C E D. 

c 



Fi. 



G/E 



B 



;C 




2. With B as centre, and the same radius, describe the arc C F D, 

cutting the first arc at points C and D. 

3. Draw the straight line C D which bisects A B in the point G. 

Problem 2. — To bisect any given angle ABC, that is, to divide 
it into two equal angles, 

1. With B as centre, describe any 

arc D E. 

2. With D and E as centres, describe 

arcs cutting in F. 

3. Draw the line B F which bisects 

the angle ABC. 

Problem 3. — To draw a straight line perpendicular^ that 
is, at right angles, to a given line A B, fro?n a given point C 
in the line. 




1. With C as centre and any suitable 

radius cut A B in D and E. 

2. With D and E as centres draw arcs 

cutting in F. 

3. Draw line F C which is perpendicu- 

lar, or at right angles, to A B. 



>nF 



A D 



C E 
A 2 



B 
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Problem ^,—To draw a straight line perpendicular, that is, 
at right angles to a given line A B, from a given point C, at or 
near the end of the line, 

1. With C as centre and any suitable radius describe the arc 

D E F, having its end D in the line A B. 

2. With D as centre and the same 

radius describe the arc E : and 
with E as centre and the same 
radius describe the arc F. 

3. With centres E and F and stiU 

same radius describe arcs cutting 

in G.* A D _ 

4. Draw the line C G which is perpendicular to A B. 

Problem 5. — To draw a straight line perpendicular to a 
given straight line from a given point C, above or below the line. 
{Let the point be above the line A B.) 

1. With C as centre and any suitable 

radius describe an arc cutting A B 
in the points D and E. 

2. With points D and E as centres | 

and any convenient radius de- ^ D ""---, — -'e B 
scribe arcs cutting in G. 

3. Draw the line C G which is per- y^ 

pendicular to A B. q 

Another Method. — When C is opposite or nearly opposite 
the end of K B. 

1. In A B take any point D not 

opposite C. 

2. Draw the line C D and bisect it 

in E (Problem i). 

3. With E as centre and E C as 

radius describe the semicircle 
C F D cutting A B in F. 

4. Draw the line C F which is perpendicular to A B. 

Problem 6. — Through a given point C, to draw a line parallel 
to a given line A B. 

1. In A B take any point D not opposite C. 

2. Join CD. 

3. With D as centre and radius 5^ 

D C describe the arc C E. ^ i 

4. With the same radius and C as \ 

centre describe the arc D F. \ 

5. With D as centre and radius 

E C describe an arc cutting —^ =—7, 

DFinG. ^AD EB 

6. Join C G which will be parallel to A B. 







y 
^ 
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Problem 7. — To draw a line par Mel to a given line AB al a 
given distance, equal to Q^from it, 

I. In A B take any two points, D and E, and with these as centres 



and radius C draw the 
arcs F G and H K 
2. Draw the line L M 
touching these arcs : L M 
is parallel to A B and 
drawn from it at a dis- 
tance equal to the given 
line C. 



O H 



K 



B 




* 



Problem 8. — From a given point C, in a given line A B, to 
make an angle equal to a given angle D E F. 

1. With E as centre and any convenient radius, describe the arc 

IG. 

2. With C as centre and the 

same radius describe 
the arc K H cutting 
ABinK. 

3. With K as centre and 

radius G I describe an 
arc cutting K H in L. 

4. Draw C L, which with A B makes an angle L C B equal to 

the given angle D E F. 

Problem 9. — From a given point C, outside a given line A B, 
to draw a line, making with the given line an angle equal to a 
given angle D E F. 

1. Through the point C draw G H parallel to A B (Problem 6). 

2. At the point C draw a 

line OK making with 
G H an angle G C K 
equal to D E F (Prob- 
lem 8). 

3. The angle C K B will 

also be equal to D E F. 

Problem 10. — To trisect a right angle ABC, that is, to divide 
it into three equal angles, 

1. With centre B and any convenient 

radius draw the arc D E. 

2. With the same radius and D and E as 

centres draw arcs cutting D E in G 
and F. 

3. Join B F and B G. These lines will 

trisect the right angle (90**) into three 
equal angles (each 30°). 
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TEST EXERCISES ON THE PBEGEDING PROBLEMS. 

1. Divide a given straight line into four equal parts. 

2. Draw a vertical line 2^ inches long. From the upper extremity 

draw a line A C 2 inches long, and at right angles to A B. 
Bisect the angle BAG. 

3. Draw two lines parallel to a given line A B, one above and one 

below, at a distance of one inch from it. 

4. A B is a horizontal Hne 2 inches long. Bisect it, and at the point 

of bisection, C, erect a perpendicular, C D, i^ inches long. 
Divide the angle D G A into four, and the angle D G B into 
three equal angles. 

5. At one end of a straight line make an angle equal to a given 

angle, and at the otner end make an angle double the size 
of the given angle. 

6. Divide a given right angle into six equal angles. How many 

degrees will be in each of these six angles ? 



SECTION II, 

LINES, ANGLES, AND TRIANGLES. 

Problem 11. — To construct angles of a given number of degrees, 
such as 60", 30**, 15°, 45*, 75*, and I2o^ 

(i.) At point A in the line A B to make an angle of 60". 

1. With A as centre and any convenient radius describe the arc C D. 

2. With D as centre and the same radius describe an arc cutting 

D in E. 

3. Draw line A E. The angle B A E equals 60". 
(2.) At point A make an angle of 30". 

1. With A as centre and any convenient radius describe the arc B C. 

2. With centre B and same radius describe the arc A D. 

3. With centre C and same radius draw arc B E. 

4. Join A E. The angle E A B equals 3o^ 





A D §* A B 

Fig. I. Fig. 2. 

(3.) At point A make an angle of 1 5°. 

1. As in the last case (2) construct an angle E A B of 30**. 

2. With centres, F and B and any suitable radi\is describe arcs 

cutting in G. 

3. Join A G. The angle GAB equals IS^ 
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(4.) At point A make an angle of 45°. 

1. As in the last case (3) obtain the points BODE and F. 

2. With and F as centres describe arcs cutting in G. 

3. Join A G. The angle GAB equals 45°. 





(5.) At point A make an angle of 75". 

1. As in the last case (4) obtain points B C D £ F and G. 

2. From as centre mark off H equal to I. 

3. Join H A The angle H A B equals 75°. 
(6.) Atpoint A make an angle of 120°. 

1. With A as centre and any convenient radius describe the arc BDC. 

2. With centre B and same radius describe the arc A D, and with 

centre D and still same radius describe arc A E. 

3. Join A E. The angle E A B equals 120°. 




'. 




xT^ 



t 
\ 
I 
I 
I 
I 



Fig. 5. 



B 



Fig. 6. 



Problem 12. — To divide a straight lincy A B, into any number 
of equal parts ; say six equal parts. 

First Metll0d.~i. Draw the line B C, making any angle, not 
too great, with A B. c "^^^^S 

2. At point A draw A D 
making the-angle BAD 
equal to A B C (Prob- 
lem 8). 

3. From B mark off on B C ^ 
a number of spaces (of 
any suitable and eqimaX 
length) equal to the num- 
ber, less one, into which 
A B is to be divided, as i, 2, 3, 4, 5. 

4. From A mark off on A D five similar spaces. 

5. Join q I, 4 2, 3 3, 2 4, and i 5. These lines divide A B into six 

equal parts. 




H 
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Second Method. — i. Draw the line A C making with A £ any con- 
venient angle CAB. 

2. From A mark off on A C any 
six equal spaces, i, 2, dz^c. 

3. Join 6 B, and through the re- 

maining divisions on A C draw 
lines to A B but parallel to 6 B 
(Problem 9). The points in 
which these lines meet A B will 
divide it into 6 equal parts. 

Problem 13. — To divide a given line, A B, proportionally to a 
given divided line C D. 

1. Draw E F equal to C D and 

parallel to A B. 

2. Mark off the divisions i, 2, 

3, 4 from C D on to E F. 

3. Join A E and B F, produc- 

ing these lines till they 
meet in G. 

4. From G draw lines through 

the divisions i, 2, 3, 4, on A 
E F till they meet A B. 
The points in which these 





lines meet A B divide it proportionally to C D. 
Problem \^.—0n a given straight line, A B, to construct an 
equilateral triangle. 

1. With centre A and radius A B de- 

scribe arc B D. 

2. With centre B and same radius de- 

scribe arc A C cutting the former 
arc in C. 

3. Join A C and B C. The triangle 

A B C is equilateral and is con- 
structed on A B. . 

A B 

Problem 15. — To cofistruct an equilateral triangle the altitude 
or height, A B, being given. 

1 . Through B draw the line C D perpendicular to AB (Problem 4). 

2. With centre A and any convenient radius draw the arc E F. 

3. With centre G and same radius 

describe arc H I, and with 
centre H and same radius de- 
scribe arc G I. 

4. Obtain the point K in a similar 

manner. 

5. Through points I and K draw 

the lines A L and A M ; A L M 
is the equilateral triangle re- 
quired. 
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Problem 1 6. — To construct an isosceles triangle^ one of the equal 
sides A B, and one of the equal angles C, being given, 

1. Draw any line D E of indefinite length. 

2. Make the angle E G F 

equal to me angle ^ 
C (Problem 8), and 
make G F equal to 
AB. 

3. With centre F and 

radius F G describe 
the arc G H. 

4. Join F H. G F H 

is the required isos- 
celes triangle, hav- 
ing two sides equal 
to A B and two 
angles equal to C. "" " 

Problem 17. — To construct an isosceles triangle^ the base A B 
and the angle at the apex C, being given, 

1. With C as centre and any suitable radius describe the arc D E. 

2. Join D E. 

3. Make each of the angles 

at A and B equal to 
the angle ODE (Prob- 
lem 8). 

4. Produce the two lines 

A F and B F till they 
meet in F. FAB is 
the required isosceles 
triangle, having an 
angle F, at the apex 
equal to the given 
angle C, and it is con- 
structed on. the given base A B. 
The reasoning of thig problem follows from Observation (6), Definitions. 

Problem 18, — To construct a triangle, each of the sides of 
which shall be equal to three given lines A, B, and C respectively, 

1. Draw D E equal to A. 

2. With D as centre and B as 

radius describe the arc F. 

3. With E as centre and C as 

radius describe an arc cut- 
ting F in G. 

4. Draw lines D G and E G. ^^ 

D E G is the triangle re- ^ 
quired. b 
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Problem 19. — To construct a triangle^ the base A B an^i the 
angles C and D at the bctse being given. 



1. Make the angle B A F equal 

to the angle C (Problem 8). 

2. Make the angle A B F equal 

to the angle D (Problem 8). 

3. Produce the line A F and 

B F till they meet in F. 
F A B is the triangle re- 
quired. 



Problem 20. — To construct an isosceles triangle^ the altitude 
A B and the base C D being given, 

A F 



1. Bisect C D in E (Problem 

i) by the perpendicular 
E F, which make equal 
to AB. 

2, JoinCFandDF. FCD 

is the required isosceles « 
triangle. 





Problem 21, — To construct a right-angled triangle having 
given the hypotenuse A B and one of the other sides C D. 

1. Draw the straight line E F equal to A B. 

2. Bisect E F in the point G 

(Problem i). 

3. With G as centre and radius 

G E describe the semi- 
circle. 

4. With E as centre and ra- 

dius C D draw an arc 
cutting the semicircle in 
H. 

5. Join E H and H F. HEF 

is the triangle required, 
having the right angle . 
E H F. D ^ 
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Problem 22. — On a given base D E /^ construct a triangle 
similar to the given triangle ABC. 

1. At the point D make an 

angle F D E equal to the 
angle ABC (Problem 8). 

2. At E draw the line E F 

making the angle FED 
equal to the angle A C B 
(Problem 8). 

3. Produce D F and E F till 

they meet in F. The tri- 
angle F D E is similar to 

ABC, that is, it has angles & E 

equal to the angles in the triangle ABC, each to each. 




TEST EXERCISES ON THE PBECEDINQ PROBLEMS. 

1. On A B as base construct a triangle having an angle at A 60°, and 

another at B 45°. How many degrees will be in the remaining 
angle? 

2. At a point C in a given straight line A B draw a line making with 

the given line an angle of 75°. 

3. Construct an isosceles triangle having equal sides of two inches 

each, and the angle opposite the base 30**. 

4. Divide a given line A B into seven equal pari;s, and on three of 

these parts, as base, describe an equilateral triangle. 

5. Describe an equilateral triangle whose altitude sh^ be 2J inches. 

6. Construct a triangle whose sides are 2 inches, i^ inches, and 2 J 

inches in length respectively. 

7. Draw a line A B (2^ inches). Find a point C which shall be 2 

inches from this line, and equidistant from the ends of A B. 

8. On a given base construct a triangle similar to a given triangle. 



SECTION III. 
QUADRILATERAL OR FOUR-SIDED FIGURES. 

E 

Problem 23. — On a given line 
A B /o construct a square. 



1. At A draw A E perpendicular 

to A B (Problem 4). 

2. Make A C equal to A B. 

3. With centres B and C and 

radii A B draw arcs inter- /^' 
secting in D. 

4. Join CDandBD. ABDC 

is the square required. 






><r 



x 



B 
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Problem 24. — To construct a 
square of which the diagonal A B 
is given, 

1. Bisect A B in C by the per- 

pendicular D E (ftoblem i). 

2. With C as centre and C A as 

radius cut off C F and C G. 

3. Join A F, F B, B G, and G A. 

A G B F is the square re- 
quired, having A B as dia- 
gonal 



Problem 25. — To construct an oblong or rectangle^ the lengths 
of the two adjacent sides, A B a?id C D, being given. 



—H 





-B 



1. Make E F equal to A B. 

2. At E make the perpendicular E G equal to C D (Problem 4). 

3. With F as centre and radius C D draw the arc H, and with 

G as centre and radius A B draw arc cutting H in I. 

4. Join G I and F I. E G I F is the oblong required, having 

its adjacent sides equal to the two lines A B and C D. 
Problem 26. — To construct an oblong of which the diagonal 
A B, and one of the sides C D, are given, 

1. Make E F equal to A B. 

2. Bisect E F in point O 

(Problem i). 

3. With O as centre and 

radius E describe the 
circle. ' 

4. With E and F as centres 

and radii C D describe 
the arcs cutting the 
circle in G and H. 

5. Join E G, G F, F H, and 

HE. E G F H is the 
required oblong. 
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Problem 27. — To construct a rhombus, having given one of 
the sides A B and one of the angles C. 

1. Make D E equal to 

AB. 

2. Make angle E D F 

equal to C. 

3. Cut off D G equal to 

DE. 

4. With centres G and E 

and radii A B de- 
scribe arcs cutting 
inH. 

5. Join G H and E H. 

D G H E is the 
rhombus required. 

Problem 28. — To construct 
a rhombus, the diagonal A B 
and one of the sides C D being 
given, 

1. Make E F equal to A B. 

2. With centres E and F and 

radii C D describe arcs 
cutting in G and H. 

3. Join E G, G F, F H, and 

HE. E G F H is the 
rhombus required. 





B 



Problem 29. — To construct a rhomboid of which A B and C D 
are equal to two adjacent sides and E equal to one of the angles. 




1. Make F G equal to A B. 

2. At F make the angle K F G equal to E. Make F H equal 

to C D. 

3. With centre H and radius A B describe the arc I. 

4- With centre G and radius C D describe arc cutting I in L. 
5. Join H L and L G. F G L H is the rhomboid required. 
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Problem 30. — To construct a rhomboid of which the diagonal 
A B and the two adjacent sides 
C D and E F are given, 

1. Make G H equal to A B. 

2. With centres G and H 

and radii E F make 
arcs I and J. 
, 3. With the same centres 
and C D as radii make 
arcs cutting the former 
arcs in K and L. 
4. Join G K, K H, H L, and 
L G. G K H L is the 
required rhomboid. 




A 
C 



B 



Problem 31. — To construct a trapezium similar and equal to 
a given trapezium A B C D. 




1. Make E F equal to A B. 

2. With centre F and radius B D describe the arc G. 

3. With centre E and radius A D describe an arc cutting G in H. 

4. With F as centre and radius B C describe the arc I, and with 

centre H and radius D C make an arc cutting I in J. 

5. Join E H, H J, and F J. E H J F is a trapezium similar 

and equal to A B C D. 

Problem 32, — To inscribe a square within any rhombus 
A B C D. 

1. Draw the diagonals A C 

DB. 

2. Bisect the two angles 

C O D and C B by 
the lines H I and F Q 
(Problem 2). C 

3. Join L M, M H, H F, 

and F L. L F H M 
is the square inscribed 
in the given rhombus 
ABCD. 
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Problem 33. — To inscribe a square in a given triangle ABC. 

1. From the point B draw B D perpendicular to A C (Problem 5). 

2. From B draw B E equal to 

B D and at right angles to 
it (Probleni 4). 

3. Join E A, cutting B C in F, 

and from F draw F G per- 
pendicular to A C. (Prob- 
lem 5). 

4. With F and G as centres and 

F G as radii draw the arcs 
H and I. 

5. Join IH and HF. IHFG 

is the required square. 

Problem 34. — In a given square A B C D /<? inscribe an 
isosceles triangle of^ base equal to E F, such that the two equal 
angles of the triangle shall touch 
two adjacent sides of the square, 

1. Draw the diagonal C A. 

2. From A C cut off A G equal 

toEF. 

3. Bisect A G by the perpen- 

dicular H I meeting A D 
and A B in the points H 
and I. 

4. Join C H and C I. CHI 

is the triangle required. 





TEST EXERCISES ON THE PBEGEDINQ PROBLEMS. 

1. Divide a given square into four equal squares. 

2. Draw a horizontal line i^ inches long ; with this line as diagonal 

construct a square. 

3. Construct an oblong the longer sides of which shall be 2 J inches, 

and the shorter half that length. 

4. Divide a line A B (3 inches long) into seven equal parts. Taking 

five of these parts as a diagonal construct a rhombus, the sides 
of which shall each equal three parts of the divided line. 

5. On a given line construct an equilateral triangle ; and on each 

side of the triangle construct a square. 

6. A B is a line i inch in length. Construct a rhombus, taking this 

line as one of the sides, and let the angle at B be 120°. 

7. Inscribe an equilateral triangle in a given square, such that two 

angles shall touch adjacent sides of the square (Problem 1 5). 

8. On A B as diagonal construct a square, which divide into four 

equal squares. 
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SECTION IV, 



THE CmOLE. 

Problem 35. — To find the centre of a given circle. 



First Method. — i. From any point A, 
in the circumference, draw two chords A B, 
AC. 

2. Bisect these chords by perpendiculars g 
E F, G H, intersecting in O (Problem i ). 
is the centre of the circle, 

t' A 

■ Note. — In this way the centre from which'part of a circle is drawn may be found. 






Second Method. — i. Draw any chord A B. 

2. Bisect A B by the perpendicular C D 
(Problem i ), which is a diameter. 

3. Again, bisect C D in the point (Prob- 
lem i). O is the centre 01 the circle. 




Problem 36. — Through any point K^ in the circumference of 
a circle^ to draw a tangent, 

1. Find the centre of the circle 

(Problem 35). 

2. Draw the radius A and pro- 

duce it to B, making A B equal 
to AO. 

3. With centres and B and any 

convenient radius greater than 
B A describe arcs cutting in C 

4. Through A draw C D which ^ 

shall be a tangent to the circle 3 

drawn througn A. D 
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Problem 37. — To draw a tangent to a circle from any given 
point A outside of the circle, 

1. Find the centre (Problem 35). 

2. From A draw the line A O, 

which bisect in the point B 
(Problem i). 

3. With B as centre and B A as 

radius describe the semi- 
circle, cutting the circum- 
ference of the given circle 
inC. 

4. Draw A C which will be the 

required tangent drawn 
from A. 

Problem 38. — 71? inscribe a circle in a given triangle ABC. 

1. Bisect each of the angles 

A B C and A C B by the 
straight lines B D and 
C D meeting in D (Prob- 
lem 2). 

2. From D let fall D E, a per- 

pendicular to B C (Prob- 
lem 5). 

3. With I) as centre and D E 

as radius inscribe the 

circle. 

Note. — D is called the centre of the triangle. 

Problem 39. — To describe a circle about 
a given triangle ABC. 

1. Bisect any two sides A B, A C, by 

perpendiculars meeting in D (Prob- 
lem i). 

2. With centre D and radius D B or 

D A or D C, describe the circle, 
which will pass through the angles. 

* Problem 40. — To describe a circle pass- 
ing through three points A, B, and C, 
which are not in a straight line, 

1. Join the points A B and B C. 

2. Bisect the lines A B and B C by the 

perpendiculars M O and L 0, in- 
tersecting in (Problem i). 

3. With as centre and radius O A 

describe the circle which passes 
through the given points. 

Note.— Observe the similarity in working Problems 35 (First Method), 39, and 40. 
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Problem 41. — To describe a circle about a given square A B C D. 



1. Draw the diagonalB AC, D B, 

intersecting in O. 

2. With as centre and A as 

radius describe the circle, 
which is the one required. 




Problem 42. — To inscribe a circle in a given square A B C D. 



I. 



2. 



3. 



Draw the diameters D B and 
A C intersecting in 0. 

From O drop a perpendicular 
E on B A (Problem 5). 

With as centre and E as 
radius inscribe the circle 
which is the one required. 




Problem 43* — To describe two circles of given radii ^ A B and 
C D, which shall touch each other, 

1 . Draw the line E F equal 

to the length of A B 
and C D added to- 
gether. 

2. With F as centre and 

radius A B describe 
the circle, cutting E F 
inG. 

3. With E as centre and 

C D as radius de- 
scribe the other circle, 

which shall touch the ^ B 

former circle in G. C d 
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Problem 44. — To describe two circles of different radii, A B, 
C D, which shall touch ecuh other in a pointy one being inscribed. 



1. Draw a line E F equal to the 

longer radius A B. 

2. With F as centre and F E as 

radius describe the larger 
circle. 

3. From E F cut off E G equal to 

CD. 

4. With G as centre and G E as 

radius inscribe the circle 
which will touch the former 
in E. A 

C 




B 



TEST EXERCISES ON THE PBECEDINQ PROBLEMS. 

1. Draw the diameter of a given circle, and divide it into five equal 

parts. 

2. Of an altitude 2^ inches long construct an equilateral triangle, 

within which inscribe a circle. 

3. From a given point outside a circle draw two tangents to the 

circle. 

4. Within a given circle inscribe a square. 

5. On a given base A B construct a triangle having angles of 45" and 

60* at the base. About this triang^ describe a circle. 

6. With radii i inch and \\ inch respectively, describe two circles 

which shall touch each other. 

7. Three points, A, B, and C, are given, about | inch apart, and not 

in tne same straight line. Describe a circle that shall pass 
through these points. 

8. Within a given rhombus inscribe a circle. 
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FiaUKES TO BE COPIED BX APTLY. 

(CommCTiM «» Bich am by itlecting a point oj yoar centrt). 
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VII. 




VIII. 




IX. 





XL 




XII. 




EXAMINATION PAPERS.* 

{Set by the Science and AH Department) 

Before be^ning any Paper— write (i) your name in full ; (2) your age ; and (3) name 
and address of your school. Time allowed for each paper — 40 minutes. 

A 1877. 

1. Copy the given figure ex- 
actly, commencing with the centre. 

2. On A B construct a triangle 
having C and D for its angles. 

o 






A B 

3. Draw a line perpendicular to 
A B from the point B. 



B 



4. Bisect the sides of the given tri- 
angle, and draw lines through until they 
meet in a point. 

5. Divide the lines AB and CD 
into five equal parts, and join 
the opposite points. 




B 



B 




1877. 

1. Copy the given figure ex- 
actly, commencing with the 
cen"fre. 

2. Construct a square having 
A B for one of its diagonals. 



3. Draw a line perpendicular 
to A B from the point C. 

c 

o 



B 



4. Construct an equilateral triangle, having 
A B for its altitude. 

5. Divide the angle at A into four equal 
parts. 



B 




* In working these problems .in their drawing books pupils are to copy figure i, of 
every paper, exactly the tame size. The diagrams of the other problems are to be 
increcued dotible the size of those printed. 
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o 



1877. 




1. Copy the given figure exactly, eom- 
mencing with the centre. 

2. On A B construct a triangle with 
angles equal to those in the given tri- 
angle. 



3. Construct a triangle having sides 
equal to the lines A, B, C. 



B 




A 
B 
C 



4. Draw the diameter of the givQn circle, 
and divide it into six equal parts ; and 
draw the lines so as to touch the circum- 
ference of the circle. 

5. Draw a perpendicular to A B from C. 

00 



B 





r> 1877. 

1. Make an exact copy of the 
given figure, commencing with the 
centre. 

2. Draw a line perpendicular to 
A B from the point C. 



4. Construct an equilateral tri- 
angle upon A B. Bisect each side, 
and draw the lines until they cut 
one another in the centre. 



B 



3. Divide A B into six equal 
parts. 



B 



5. On A B construct a triangle 
with one side equal to C D, and one 
angle equal to E. 



6 



A 
c 



B 
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4. Construct the equilateral tri- 
angle of which A B is the altitude. 

A 



B 



1878. 



1. Copy the given figure ex- 
actly : commence with the 
circle. 

2. Divide the line AB into 
seven equal parts. 



B 



3. Construct a triangle, the 
sides of which shall be i^, 2, 
and 2\ inches respectively. 



5. From the point C draw lines 
perpendicular to each side of the 
given triangle. 




F 



i878. 




1. Copy the given figure exactly : 
commence with the square, taking a 
point as its centre. 

2. Through the eiven points A and 
6 draw lines that &all be parallel 

A0 B© 

3. Bisect an angle and a side of the 
given figure. 




4. Construct an equilateral tri- 
angle the side of which shall be 2\ 
inches. 



5. The given line A B is the side 
of an isosceles triangle ; and the 
angle at A is to be 45". Construct it. 



B 
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G 



4. A 6 is the base of an isosceles 
triangle, and the angle opposite 
to A B is 90*. Construct the triangle. 




1878. 

1. Copy the given fi^re ex- 
actly : commence with the 
square, placing the centre at a 
point. 

2. Draw a line parallel to the 
given line A B, at a distance of 
i) inches from it. 



B 



3. At point 
A construct an 
angle half as 
great as the 
given] angle C. 




B 



5. A B is one side of a square. 
Construct the figure. 



B 



B 



H 



1879. 




4. At the given point A draw a 
line perpendicular to the given line. 



1. Copy the given figure exactly : 
commence with the square and place 
its centre at a point. 

2. Construct a tri- ._ 
angle having a base 
2) inches and angles 
at the base of 45"* and 
60° respectively. 

3. Divide the given 
angle into 4 equal 
angles. 

5. The line A B is one side of a 
square .* complete the square. 

A 



B 
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4. Bisect the given angle. 



1879. 

1. Copy the given figoi'e ex- 
actly : commence with ttie equi- 
lateral triangle, and place its 
centre at a point. 

2. Construct an equilateral tri- 
angle of 2 inches side, and hav- 
ing an angle at point A. 

A© 

3. From point A draw lines 
perpendicular to each of the given 
lines. 




5. With points A and B as centres, 
describe two equal circles which 
shall touch each other. 



A 





B 






4. Divide the given line into five 
equal parts. 



1879. 

1. Copy the given figure exactly : 
commence with the square and 
place its centre at a point. 

2. Construct an isosceles tri- 
angle having two equal sides of 2 
inches each, and the angle oppo- 
site the base of 30". 

3. Through pjoint A draw a line 
parallel to the given line. 

A0 



5. With radii i inch* and ij inch 
respectively, describe two circles 
which shall touch each other. 
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